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)+'*OX?=&()E/+)8<j A@2`a?= #,2&{|&I@% #'CF*ON'C)i<+&3,'*)8'C@B'* #F*&()=Q #"%$+OU@B/+?_O2L+$+ #O2&ª #/+OX7%9/8$+,2FC'*"%$i13/5/+)W@B&(,2O2/8"%$+&3)^
4O°O2`#F*F*&()E<8'*&u,2/+)+<8OX@B,X/+-W@B/+,X&3)p<8&3,°\u&('*<+&()j #/8O2:a&Iq´9 #$+FC@2&3)pE&(@B #F*FC&-y/8,21oa&3,X:a&3:#&3)Wq´9 #,X@2'*:#@°qw&3,2<8&3)-
Q`aFJ7z,B #? \+'CF*<+&I@>&3'C)>>('J@2@B&(,.?_'C@.&3'*)8&3? -0/+\+'CO2"%$+&()'C@X@B&(,2L #,2 #?_&(@B&(,wo#`a)2²¼8^CTrW2Zª^+/+LM7z&3,
q.&('*OX@=<+&(?=:a&(:a&3)9/+\u&(,v&3'*)dU>('C@2@2&3,D A/87Y6<+&3,'C@X@B&3,XL #,2 #?=&I@B&(,;\u&I@B,9 #:#@ a¡u¼8^r8T·2Zª^6mw'*F*<±Å8^JT
13&3'C:#@5<+'*&l7%9/+,i< AOiQ¸GKM/+\+OU@B,2 A@j:#&(q´9 #$+FJ@B&ÃSUT#TÂ
V
GY¢|\u&(,X9 #"%$8&»/8)+<­<+'C&l79/+,i<+'*&[46L+'J@% R½M'*&[,X&3F*&IoA #)W@B&
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"%$+&#^Ł!9/+,<+'C&=M/+\+OU@B,B R@2@B&(?=Le&3,2 A@B/8,q/8,2<+&v&3'C)FC&3'C"%$0@&(,2$k9`#$0@2&3,Q&(,X@oa`#)&(@nq. jÅ#Â65%P:#&(q´9 #$+FJ@^{|'C&
:a&3?_'C@X@B&3FJ@B&s #/+:a&()+O2"%$+&('*)+FC'*"%$+&hm.&3<+&("%-0/+)+:,X&3'C"%$0@;&I½8 #-W@Doa`a)87¯Âp\+'*O; #/87]r8^Â8TŁjº6q. #OD?_'C@;<8&3,
]/+-0F*&3 A@B'C`a)i<+&3,°Å8^B4'C)+13&(F*F* #:a&!'C)i<+&3,° #? $9`a"%$+OX@2&3)E\u&(<+&3"%-W@B&()lÈ&3:a'C`a)i13/+O2 #?=?_&3)M7X9 #F*FJ@^
{|&3,.Q #"%$+OU@B/+?_O2L+,X`a13&(gv\u&(:a'*)+)W@>?_'C@w<+&(,>]/+-0FC& A@2'*`a)so#`a)EP./MGnÊn)8O2&3FC)8<8'*&|'C)+)+&3,X$ #FC\s<+&(,Ta^jºl&3'C)+&
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¾
Â#Â8T3¿;:=<><nG
È°'C"%$8@B/+)8:ªOX@B A@2@3^846Ow'*OX@w\e&3?_&3,2-A&3)+OUq.&(,X@38< #g´O2`#7z`#,X@0) A"%$+<+&3? O2'C"%$h&3'C)+&!ÆM^%ºk #:a&GKF 9 #"%$+&° #/+OX:a&3\+'CF*<+&I@
$ A@8&3'*)imw&3OB R@B1?_'C@P.FC/+OX@2&3,X)5<8&3,¼8^%ºk #:#&!&3,U7z`aF*:A@^8E'C@><8&3,`a?_L+F*&I@2@B'C&3,X/+)+:ª<8&3,°ÆM^Eº¬Sz:
V
oa&(,2\+'C)MG
<+&3)hOX'*"%$h<8'*&3OX&|P.FC/+OX@2&3,}13/hF* #)+:a&()WO2"%$8?s #FC&3)s&I@2@2&3)y<+'*&q'*&(<+&3,X/+? '*)
¾
Â#Â8T3¿;:=<>< GKÈ'*"%$W@2/+)+:ª`#,2'*&()8@B'C&3,U@
O2'*)8<^W{|&3, ,2 #<D<+&3, ¢|,X<+)0/+)+:<+'*&(O2&(,}y@B,X/+-W@B/+,'*OU@6)+'C"%$0@} A/+O2:a&(O2L+,X`M"%$8&3)_Lu&(,X7z&3-W@3W<+'*&>&I@2@B&()v-x9`#)+)+&3)
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m.'*FC<+/+)+:l<+&(,v-#`a$k9 A,2&3)W@=<+'*"%$W@2&3)±+^%ºk #:a&&('*)+&OX'*?;/+FJ@% #)8&hZ!/87Ç79/+F*FC/+)+:l<+&(,D< #,X/+)W@B&3,XF*'C&3:a&()+<+&3)Ãº&3&(,UG
OX@B&(F*FC&3)²'*)<+&(,v¼8^%ºk #:a&A^Z]F*OD\e&(qw&3:#@2&Emw'*F*<8O2&A30/+&()+1:a&(O2&3$8&3)&3,XO2"%$+&('*)W@_<+&3,;Q #"%$+OU@B/+?_O2L8,2`a1(&3g<8&3,
+^%ºk #:a&Y #FCO°&('*)+&\e&3)+&I@B1(&3)+<+&´Z!/+OX\+,2&('C@2/+)+:s?_'C@\e&(o#`a,21(/+:#@2&3,]m.&3<+&("%-0/+)+::a&I79/+F*FJ@B&3,N¼8^%ºk #:a&GKF 9 #"%$+&3)x^
{|/+,2"%$i7z`a,2"('*&(,X@B&(ON~`a,Xq. #"%$+OX&3)E'*)<+'C&3O2&()5m.&3,X&3'*"%$8&3)iq.&(,2<+&()p #)i<+&(,NQf #"%$8OX@B/8?=OU7z,2`a)W@°`#7µ@B?= #FCONº&3&(,UG
OX@B&(F*FC&3)/8?=OX"%$+F*`aOXO2&()Ł<8'*&v&3,XOX@;OX/+-013&(O2O2'Jof A/87z:a&(7%9/8F*FC@qw&3,X<+&3)x^B#&()+O2&('C@BO´<+&3,Y+^%ºk #:#&j9 A)+<+&3,U@;OX'*"%$<8&3,
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F*'C)+& A,2&3)lQ #"%$+OU@B/+?_OX7z,X`a)W@; #/8OUG
:a&3\+'CF*<+&I@lSz?ÃGyL
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4O?ª/+gi #)+:a&(?=&(,2-W@|qw&3,X<+&3)<+ #g<+&3,:#&3O2"3 #)+)W@B&_y&3-W@B`a,'C)lm.'CF*<lÅ8^Æs&3'C)+&;'C)+$+`a?_`a:a&()+&;m.&(<+&3"%-0/+)8:
9/+\u&(,v<+'*&:a&(OB #?´@B&5M&43y/8&3)+15$+'*)²1(&3'*:A@^6{|&(,,X/+)+<²$+'*&(,X7%9/+,ª'*OX@v'C)²&3'*)8&3,D,2&(Ft A@2'Co»OX@2/+?_L87z&3)¬ML+'J@B13&A
\u&(13`a:a&() #/87x<+'*&Ł,9`ag#&°<8&3O.:#&313&('*:#@2&3)=Z!/+OXO2"%$+)+'J@2@2&3O3M13/=O2/+"%$+&()8<8'*&>q´9 #$+,X&3)+<=<+&3O.È] #OU@B&(,Xoa`#,2:W #)8:a&3O
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O= 6BI e(9<3<5^6B` _^Ea`@T8u=z``<9^3B5&GL6<8 1H;l9BM[;GL6BM m iLoe}6<MfGL6Bo7E!?= ;A=EH` iL`^G Ga=6:v!6#?S9L8;Y6c9Li^v!6B`^?l3B5^6^=x`LI@=3B5^6

6GL63<BiL`^v 7 ?k=z`^GsQ 9BV TapCsQlNBV T pﬁﬀCﬂsQ3UVﬃ T pﬁ ﬀCsQjGhVR7RT pﬁ!!ﬃCﬂsQ6UVR"ﬀ
RLp R# Cﬂ QjeAVcR%$ RLpﬁ&aR~CQjvV'!T RLpﬁ!$CQl5BV( ) p@T$ CﬂQl=KV* &+ pﬁ!TC Q-,lV.!) pﬁﬀ! Cﬂ
QUV/0 pﬁ!$ CQIV* 1ap CQ8ﬁV'ﬀ R0 pﬁ$! Cﬂ Ql`BV(ﬀ$)ﬀ4p $ CQjEV(!)4p R"! Cﬂ QloBV/$aR 
& p THRCHp
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1a6i i^6<`^y 7(j&T pŁCHp!qO=6 OieW`<95L8Ł6y>6<= ;oLiL`L#;Y6=z` 
O= 6BI e(9^3B5^6<`s_^Ea`
2
R6ﬁ ﬀs8u=z`ﬁ`<9<3<5:q 6Bo7E!?k= ;A=Ea`^?kN!6#vH=x`L`
?k=z`^GQ97V RsQlNBVﬃsQj3VQGhVQ6UV $QjeAV!QjvV R!RsQl5BVR%sQl=@V R"Q ,lVHRsQUVﬃ7TsQIV ﬀ psqO=6
5iL`L`^6BI ?>o!= ;Yy#6 4iLMfGL6Fe
\
iLM  $?l63&_^ELM GL6B`®6BMf?Y;Y6B` G Mf6<=iL`^Ge
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iL<I 6U9;A=EH`^?>N76vH=z`L`GL6BM-iL`_^EaI I ?Y;
\
9`^Ga= v!6B`K5	Mj=xo76BI I9^v!6N76<= f85ŁpqO= 6OieW`<9L5UP
86#y#6^= ;oLiL`L>;Y6r=x` 
O=6<I e(9^3B5^6B`_^Ea` R6ﬁ!8:=x`u`<9<3<5&q 6Bo7E!?k= ;A=Ea`^?kN!6#vH=x`L`ciL`^GcGa=6 h6#?S9L8Ł;N76GL6#3B<iL`^v'7 ?k=z`^G
Q 9BV TsTnCﬁQlNBV2RsT p@T  CŁQ3UV sT p@T!CŁQGhV sTap R%CﬂQ6UV sT pﬁCŁQjeAV $sT pﬁaR C
QvV ! T pﬁ!C0Ql5BVR!RHT p ﬀ C0Ql=KVR%aT p  R C0Q ,VR"HT pﬁ&C0QUVŁR%$HT pﬁ&!C4QlIKVŁR%!aT pﬁ$C
Q8ﬁV aRaT pŁCﬂ0Q`BV  T pﬁ!  C0QELVP  RLp@T&C0QoBV  $]RLp R%&Cap
ELMﬂ,W6GL6B8 2]6<= ;A=x`;Y6BM|_<9I I 4iLMfGL6
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D
a b 0.8 ML CuW(110)
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-close packed Cu-compressed Cu bccbcc [111][110] _____________________








bcc001[      ] bcc
-[      ]110
250 Å 250 Å
$&%j'() *-,/R!qPhMf9N76B`UP

6#;Yy<4 6<MGL6BMP p"B9<v!6 	Q97V.5-Eao7E!vaMf9oL5!= 6 6<=z`^6BM






h9Lie}v!6B`^EH8r8Ł6B`' 8:=x`r`<9<3<5GL6B8 b9^3B5^?Y;iL8cp QlNBVOi^?WP
?3<5L`!= ;W;9Li^?Q 9BV	]EH`;Mg9^?l;W_^6<Mf?Y;
\
9Mj#;:8:= ;6^=x`^6<8 Hq{?Y;l9^;A= ?l;A= ?3<5FGa=  6BMf6<`^y^= 6BM[6B`^GL6B`a=zI ;Y6<M  Q3UVI2C46<= 1H;MiLkP
;iLM8ŁE!GL6BI I 6eS\iLM4G9^? hMf9N76B`UP

6#;Yy<4 6<MH9LN^v!6<I 6<= ;Y6#;_^Ea`6<=z`^6BMo^?l6Bi^GLEa8ŁELMoL5_^6BM[y#6<MM[;Y6<` RLpC^?k= 6B5^6G5-6<;>p
m iLoe}6<Mg9;YEa86GL6BM8 phiL`^G®RLp"B9<v76?E"4=6sbdEaI eWMg9L8ﬁ9;YEa8Ł6s?k=z`^G ,W6	46<=zI ? 9I ?O5^6BI I 6LvaMg9Li^6iL`^GcG iL`L<I 6:m i^v76BIz`




4iLMfGL6B`uGa= 6ﬁ;YEa8rMf9<Ga= 6B`uGL6BM6,Y6 4 6^=xI ?OGa=3B5;
v!6Bo<9^3B>;Y6B`F1H3B5!=3<5;Y6B` iL8 6^=x`^6<`
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9i^6<M^6#;a9IxpfPC EHGL6<IzIxp9hMfE#6mMf6<= ?6:Mf6<oBM[6?l6B`;A= 6BMf6<`bdEaI eWMf98rQSR7RTLVWPf 6>Za6kP
B6!p mI 6^=x`^6ﬁ?l3B5"4 9BMfy>6 -5^6<IzI vaMg9Li^6ciL`^G&G iL`L6<I vaMf9i^6&mMf6^=?l6ﬁ6B`;Y?Y;Y6B5^6<`G,W6	46<=xI ?G iLMf3<5

6Bi^vaiL`^v&9L8 m iLoe}6<M|P
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	6<MfvaI 6<= 3B5GL6BM26kho!6<Mj=z86<`;Y6BIzI 6B`  R!RT	
WPY1 9UP





9Li^6BM6>;Ł9IxplPkC EhGL6BI I 6?	?=6<5^6

=xI G  pﬁ$ pŁ I ?





b£EaI eWMf98Ł?psmI 6^=x`^6?3<5"49BM[y#65^6BI I vaMf9i^6diL`^GtG iL`UP
A6BI vHMg9Li^6 m M[6<= ?6ﬁ6<`;Y?l;Y6<5^6B` ,W6	4 6^=xI ?G iLMf3<5

6Bi^vaiL`^v
9L8 miLoe}6BM| I 8 sq EHoLo!6BI ?l;M[6BiLiL`^v6BM[?l;Y6<MXﬁMfG `LiL`^v
9h8 mOihoBej6!M Bb E4IeM(9H8 QRLRBTVlPY14<?S;6!8 ih`7G G0iHM}3!5
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